Purpose: To identify factors related to changes in foot status and foot care in patients with diabetes mellitus participating in an exercise program. Methods: The subjects were 21 patients with Type 2 diabetes mellitus (8 males, 13 females). The mean age of the patients was 62.3 ± 12.5 years old. Foot status, physical measurements and daily activities were monitored and several surveys were performed. Results: Changes in foot status were significantly positively correlated with walking at normal speed (r = 0.54, p < 0.05) and fast speed (r = 0.68, p < 0.01), and significantly negatively correlated with foot care (r = −0.51, p < 0.05). Foot care showed a significant negative correlation with burden of diet therapy (r = −0.48, p < 0.05) and a significant positive correlation with the self-efficacy of diet therapy (r = 0.65, p < 0.01). Conclusions: Subjects who were fast walkers showed greater changes in foot status. Poor foot care behavior is also related to greater changes in foot status. Regular interventions for foot care are important to improve self-care behavior during an exercise program.
INTRODUCTION
The world diabetes mellitus population in 2012 was about 371,000,000, or about 8.3% of the adult population [1] , and the number of patients with diabetes is likely to increase. Leg amputation is common in patients with diabetes, with more than 80,000 of these procedures each year in the USA. Leg amputation reduces QOL and influences self-care behavior such as diet therapy, exercise therapy, and insulin self injection [2] .
Delayed or inappropriate treatment of foot lesions in diabetes mellitus can result in infection, gangrene and amputation. Repeated education of patients in foot care can reduce amputation rates by more than 50% [3] and continuous intervention is more effective than guidance given only once [4] . A foot lesion is associated with substantial morbidity and mortality in diabetic patients and exercise is a protective factor against development of foot lesions [5] . Foot ulcers can be avoided using an exercise program with screening for foot lesions in patients with multiple diabetic complications or a history of foot ulceration [6] and improvement of the shoes of diabetic patients with foot lesions and can result in general improvement of health and mental status [7] .
These studies show the importance of nurses supporting foot care and exercise therapy in patients with diabetes. However, there are few studies on the factors related to changes in foot status and foot care during long-term exercise therapy. Therefore, the purpose of this study was to examine these factors in patients with diabetes mellitus participating in an exercise health edu-cation program.
MATERIALS AND METHODS

Health Program and Subjects
A health promotion program for blood sugar control and appropriate exercise was started in June 2007. This study was performed from June 2009 to March 2010. The subjects were 21 patients with Type 2 diabetes mellitus (8 males and 13 females; mean age 62.3 ± 12.5 years old). Of these patients, 15 (Group A) participated in the program for more than one year and 6 (Group B) started the program half way through the year ( Table 1) . The health promotion program includes a class meeting one or two times each month. These classes provide information on health education, exercises including walking, stretching and muscle workouts, and group work for self-understanding and understanding of others. Exercise guidance is provided at each class by exercise guidance specialists with experience in this area of more than 20 years.
Foot Status
Foot status was evaluated before and after the exercise program, based on 12 physical items (flare/swelling, cyanosis, cold feeling, drying/crazing, callus/corns, ulcer, horny substance hypertrophy, edema, tinea blanca, dirt, nail abnormality, and transformation) and 5 subjective symptoms (numbness of toes, pain in toes, cold or hot feeling in toes, abnormal feeling, and clamping of the foot).
Physical Activity
Physical activity was evaluated based on the number of steps taken. Subjects wore the Kenz Lifecorder EX for recording daily activity from June to March. A survey and physical measurements of height and weight, body fat percentage, quantity of fat, estimated quantity of bone, quantity of muscle, offal fat level, and walking speed were performed after the exercise health education program.
Foot Care Behavior
The Summary of Diabetes Self-Care Activities (SDSCA) scale [8] was developed to evaluate the selfcare behavior of diabetic patients. The SDSCA consists of 6 subscales of diet, exercise, self monitoring of blood glucose, oral medicine management, foot care, tobacco. Only the 5 items related to foot care were used in this study. Each item was evaluated on a 7-point scale from 0 to 7, where the score indicates the number of days on which foot care was performed in the previous week. Foot care was also evaluated using an original questionnaire consisting of the 10 items shown in Table 2 .
QOL, Exercise and Diet
The Elderly Diabetes Impact Scales (EDIS) [9] was developed to evaluate quality of life (QOL) in elderly diabetic patients. The EDIS consists of 6 subscales of burden of symptoms, burden of daily life, burden of diet therapy, burden of drug therapy, satisfaction, and worry, with a total of 37 items. Each item is evaluated on a 4-point scale from 1 to 4, with a high score indicating a large burden.
A scale has also been developed to evaluate self-efficacy in exercise in patients with diabetes [10] . The scale consists of 8 items, each of which is evaluated on a 2-point scale from 2 to 0, with a high score indicating high self-efficacy. Similarly, a scale was developed to evaluate self-efficacy in diet therapy in patients with diabetes [11] . This scale consists of 2 subscales and 15 items. Each item is evaluated on a 6-point scale from 1 to 6, with a high score indicating high self-efficacy. 
Statistical Analysis
Data are expressed as means ± SD. Relationships between items were evaluated using Spearman rank correlation coefficient analysis. Each item was evaluated using the Cronbach α trust coefficient. Data were analyzed using SPSS Statistics v. 18.0 (SPSS, Chicago, IL, USA) and p < 0.05 was considered to be statistically significant.
Ethical Consideration
This study was approved by the Medical Ethics Committee of Hirosaki University Graduate School of Medicine, Hirosaki, Japan. All subjects gave informed consent.
RESULTS
Characteristics of the Subjects
The 15 patients in Group A took an average of 10,515 ± 3035 steps per day from June to November and an average of 9119 ± 2742 steps per day from December to March. Measurements of HbA1c before and after the exercise program showed maintenance (<±0.5%) in 13 patients and aggravation (>0.5%) in 2 patients. No patients had an improvement of HbA1c of >0.5%.
Foot Status
Data for foot status in the 15 patients in Group A before and after the exercise program are shown in Table 3 . Abnormal findings for 5 of the 12 items were found in 6 patients (40.0%) before the exercise program and in 9 (60%) by the end of the exercise program. These findings included nail abnormality in 13 subjects (86.6%), transformation in 13 (86.6%), and drying/crazing, callus/ corns, and horny substance hypertrophy in 9 subjects (60.0%) each. Ten items were abnormal in more subjects after the program compared to before the start of the program.
The most common subjective symptom was clamping of the foot, which was present in 7 subjects (33.3%) before and at the end of program. Numbness and pain in toes were present in 2 subjects (13.3%) before the exercise program and in 5 (33.3%) at the end of the program.
Foot Care
The number of days of foot care for each item in the SDSCA did not differ significantly before and after the exercise program. A comparison of these results during the program at the end of March also showed no significant difference between Groups A and B. The Cronbach α for foot care was 0.81 and the total score for foot care showed a significant positive correlation with the number of days of foot care (r = 0.64, p < 0.01). The scores for each item and the total points for foot care did not differ significantly before and after the exercise program, but 9 items had higher scores before the program compared to those after the program. There was no significant difference between Groups A and B.
Factors Related to Changes in Foot Status and Foot Care
Changes in foot status in the 21 subjects from before to after the exercise program showed a significant positive correlation with walking at normal speed (r = 0.54, p < 0.05) and walking at fast speed (r = 0.68, p < 0.01), and a significant negative correlation with overall foot care scores on the SDSCA (r = −0.51, p < 0.05) ( Table 4) . Foot care showed a significant negative correlation with burden of diet therapy on the EDIS (r ＝ −0.48, p < 0.05) and a significant positive correlation with the selfefficacy of diet therapy (r = 0.65, p < 0.01) (Figure 1) . Changes in foot status and foot care showed no significant relationship with age, sex, intervention period, type of diabetic treatment, BMI, HbA1c, average steps, average walking distance, or confidence about exercise.
DISCUSSION
After the exercise program, more than half of the sub- jects had more than five foot abnormalities. These results suggest that exercise may worsen foot lesions in diabetic patients. This may be due to the burden placed on the foot by exercise and wearing of poorly fitted shoes. A seasonal influence may have caused cyanosis, a cold feeling, drying/crazing, and horny substance hypertrophy because the exercise program was held in winter. More changes in foot status were found in subjects with a fast walking speed. Poor foot care behavior was also related to more changes in foot state. Foot changes are related to cadence and stride length, and these variables can be improved by training, including gait and balance exercises with function-oriented strengthening [12] . Pressure mostly appears in the metatarsal head region in the push-off position and there is a need for appropriate material and structure of shoes to protect the foot from excessive pressure [13] . Therefore, an ideal walking style, cadence and stride length learned in an exercise program and practiced in daily life is likely to reduce the risk of a foot lesion. Also, since improvement of shoes of diabetic patients can result in a better general state of physical and mental health [7] , the choice of appropriate shoes is important to maintain self-care behavior in patients with diabetes.
Our results that changes in foot status were not related to BMI are similar to previous findings [14] . The changes in foot status and foot care did not show a significant dependence on physical activity, based on the average number of steps and average walking distance. However, it is important to promote foot care in an exercise program for patients with diabetes who are at high risk for a foot lesion, including identification of patients who do not perform self-care effectively and require intervention to reduce this risk. Continuous intervention is effective [4] and we suggest that this kind of intervention for observation of foot status and foot care is needed before and during an exercise program.
The changes in foot status and foot care did not have a significant relationship with a feeling of confidence during exercise. This may be because the original level of interest in exercise was high in the subjects who participated in the exercise program. In addition, foot care showed a significant negative correlation with the burden of diet therapy and a significant positive correlation with self-efficacy of diet. These results are consistent with previous findings showing that foot care nursing intervention was effective for improving both foot care and diet self-care in patients with diabetes [8] . Foot care showed a strong negative connection with dietary adjustment, which suggests that the burden of thinking about a diet makes it harder to engage in good physical care, such as foot care. In contrast, good foot care behavior led to improved dietary behavior. Regular telephone intervention for patients with diabetes raises recognition of self-efficacy and self-care, increases the frequency of exercise and observation of feet, improves diet and depressive symptoms, and reduces the clinical symptoms of diabetes [15] . Therefore, general and psychological support for blood sugar control and diet therapy may be important for increasing the frequency of foot care.
CONCLUSION
Subjects who were fast walkers showed more changes in foot status. Foot care showed significant correlations with the burden of diet therapy and the self-efficacy of diet. Therefore, regular intervention for foot care is important to improve self-care behavior in diet therapy during an exercise program. 
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